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ABSTRACT
Field-based projects provide a way for students in
introductory oceanography to experience the process of
scientific inquiry. However, in order to provide genuine
field experiences for a class of forty-eight students
significant restructuring of a traditional oceanography
course is required, together with a substantial
investment in field equipment. Course reorganization
needs to provide hands-on instruction with field
equipment and adequate time in the field to collect data.
Moreover, students need to be taught how to design and
carry out a scientific study, as well as how to process data
and make meaningful interpretations. Necessary
equipment includes a large boat, sonar system, laptop
computer, sediment, water, and biologic sampling
equipment, together with access to lab computers with
software for data processing, plotting and map making.
To assess skills and knowledge I use pre- and post-course
concept inventory tests, together with a combination of
instructor- peer- and self-evaluations at various stages
throughout the project. Assessments compiled over
three years indicate that the benefits to students include
improved critical thinking skills, an increase in
oceanographic knowledge, greater confidence in the use
of instrumentation, high interest in field-based projects
and positive experiences with the process of scientific
inquiry. The main draw back to the instructor is the
extensive record keeping that is required.
INTRODUCTION
What is it that scientists find so interesting about science?
For me, much of the fascination is embedded in the
process of designing and carrying out a scientific
investigation. Mysteries appear at all stages. During the
data gathering and sampling phases of an oceanographic
expedition motivation and excitement run high as
bottom samples are brought on deck or when the latest
seafloor images are shown on a computer screen. The
thrill of scientific inquiry may also involve deriving a
new interpretation to some long-puzzling problem.
Mysteries and questions drive scientific curiosity, which
in turn leads to deeper levels of understanding.
One way to increase science literacy and to promote
positive attitudes towards science is for students to
experience the excitement of scientific inquiry first-hand
through field-based projects (Manduca, 1997; Badger
1995; Karabinos, et al., 1992). However, the practical
concerns of converting to a project-based course can
seem overwhelming. How easy is it to incorporate
field-based research activities into an introductory level
science class composed largely of students with minimal
science background? What equipment is required and
how do you obtain it? Do field-based projects really
excite and motivate students? How do you assess
attitudes such as excitement and motivation, as well as
the effect of field-based activities on knowledge
acquisition and conceptual understanding?
In this paper I describe the modifications that I
fabricated for an introductory college oceanography
class of forty-eight students such that it now includes
field-based projects as a significant component of the
course. The field-based focus serves as the major theme
around which lecture topics and lab activities are
designed and implemented. Students learn
oceanographic concepts in lecture and practice using
oceanographic equipment and data analysis methods in
lab. Student-designed field projects are then carried out
on one of several local lakes.
In order to redesign the course I had to overcome
two significant obstacles. First, routine access to a
suitable oceanic field location was difficult because the
Oregon coast is over 350 km away from our college. To
solve this problem, I chose to use nearby lakes as
surrogate oceans (Reynolds, 2001; Smith, 1995). Second,
the college had no oceanographic field equipment. This
problem was solved by financial support provided by a
grant from the National Science Foundation, Division of
Undergraduate Education.
Because most students taking oceanography are
non-science majors (88 % on average over the three-year
study), I have developed an integrated approach to
enhancing science literacy. I use student-generated
field-based projects that provide students with
opportunities to experiment with a variety of
oceanographic sampling equipment in context of
learning about the process of science and about
oceanography. The projects are also useful in developing
critical thinking skills such as interpreting data sets and
evaluating cause and effect relationships. In addition, by
having students participate in all phases of a scientific
investigation, I believe that students will develop a better
understanding of how scientists acquire new knowledge.
COURSE DESIGN
The course that I modified is GS 108: Introduction to
Oceanography. It is a stand-alone college-level general
science course that is taught annually during the spring
quarter. It has a math prerequisite of basic college
algebra and includes a fifty-minute lecture, three times
per week and one, two-hour lab each week. Enrollment is
limited to forty-eight students. As originally taught, an
optional multi-day field trip to the Oregon coast was
offered.
In order to accommodate field-based projects, the
course was restructured significantly. Of the ten original
labs, six have been replaced with integrated labs, three
are designated as open labs, and the final lab is reserved
for a summary poster session. The first lab session
includes two activities: a pre-course concept inventory
test and an exercise in the evaluation of scientific
information.
The concept inventory test consists of a set of
twenty-two questions that are designed to provide me
with feedback on student understanding relevant to the
course (Reynolds, 2001, also available at www.cocc.
edu/breynolds/tools/NSF.html). The pre-course test
helps me to identify gaps in knowledge, point out pre-
conceived notions, expose flaws in logic, highlight stu-
dent misconceptions, and to gain insight into students’
observation and interpretation skills. The test also pro-
vides me with a general sense of students’ knowledge
about the ocean prior to instruction. The same test taken
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at the end of the course helps me to gauge if the instruc-
tion has been successful. I do not use the results to argue
for or against a particular method of instruction or to
teach to the test. Rather, I’m trying to point out weakness
in student understanding that may need special atten-
tion.
The second lab activity provides instruction on how
to evaluate the quality of scientific information using
previous years’ student posters. This training provides a
useful perspective for students as they design and carry
out their field projects.
The next five integrated labs include activities linked
to weekly lecture topics. For example, in one revised lab
students use computers to graph and interpret ocean
water properties. Each lab also includes a segment on the
use of a specific piece of field equipment related to the
current lab topic. Students learn to operate the featured
instrument during lab and to consider how they can use
the equipment to collect data, as well as what to do with
the data once it is obtained. Each student also completes
an equipment self-use evaluation (Figure 1). I follow up
in lecture with examples of how the equipment is used
by citing from my personal research experiences.
Furthermore, lab time is dedicated to having students
work with the elements of designing and conducting a
scientific investigation. Three of the remaining four labs
are set aside as open labs. This time is reserved for
students to process and analyze their field data and
samples and to prepare their posters. Project results are
summarized and shared at the end of the course in the
form of a scientific poster session. Table 1 summarizes
the inter-relationships among lecture, lab and equipment
topics.
The field projects are organized around sampling
surveys conducted from a large pontoon boat. Students
usually define their field investigation based upon an
interest in a particular aspect of oceanography or a desire
to work with a specific piece of equipment. Additionally,
I provide guidance and approval of the topic. In order to
get all students into the field, I schedule six field trips.
Field trip dates are distributed between weekdays and
weekends and begin following the fourth week of the
course, after students have gained some familiarity with
the equipment. A typical field trip involves multiple
student groups (two-to-four students per group) that
spend four-to-six hours on board the boat engaged in
gathering data related to their project. This integrated
approach of working with equipment and data in the lab
as well as in the field helps students to develop
process-oriented thinking skills and problem solving
strategies (deWet, 1994). Students further evaluate their
understanding of the equipment as they use it in the field
and assess their level of participation as well as their
teammates’ contributions (Figure 2). These evaluations
occur in addition to the ones that I conduct on each
student.
FIELD LOCATION
I use nearby lakes instead of the ocean in order to
minimize the logistical difficulties of carrying out field
projects involving large groups of students at distant
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Figure 1. Equipment use evaluation form.
Figure 2. Field trip evaluation form.
Table 1. Outline showing the relationship among the
various components of the restructured oceanogra-
phy course.
coastal locations. The lakes most suitable for this class are
the natural alpine lakes of glacial and volcanic origin
located in central Oregon. Several are reasonably close to
the college (less than 60 km) and accessible by paved
roads. Many of the lakes are deep (over to 100 m), clear
(typically 10-20 m), and some are supplied in part by
thermal springs (Reynolds 2002; Reynolds, 2000).
Moreover, the lakes contain a wide variety of rock and
sediment types, variable water properties, and a
diversity of biota (Reynolds et al., 1998).
EQUIPMENT
The equipment that students use in this course is similar
to that used in modern oceanographic surveys, thus
allowing students to design and conduct field projects
that collect relevant oceanographic style data in the
inland equivalent of an oceanographic setting. Tables 2
and 3 provide a summary of the equipment and software
that I use in this course.
PROJECT SYNTHESIS
Once students complete their fieldwork, they bring their
data and samples to the open lab sessions for processing
and analysis. Numerical bathymetric and water quality
data are transferred to the desktop computers in lab.
Data are examined and edited and maps and graphs are
constructed. Rock and sediment samples are washed and
then examined with a microscope. Biological samples are
cleaned, identified and photographed. Water samples
containing plankton are examined with a compound
microscope and can be conveniently filmed while still
alive by mounting the camcorder over one ocular of the
microscope. Students’ collaborative work is evaluated at
this stage by each other as well as by me (Figure 3). After
examining all of the data and samples, students
summarize their findings and construct a poster that is
presented during a scientific poster session which is held
during the last lab of the course. Students host their
poster as well as evaluate other student posters (Figure
4). Students also complete the post-course concept
inventory test and the project outcome survey at this
time.
DISCUSSION
Logistics - The main reasons for setting up local field
trips are in response to the complex logistics and high
costs associated with getting forty-eight students to a
distant ocean site. Previous trips to the coast required
multiple vans and drivers, together with costly lodging
and food requirements. Much of the time spent at the
coast was consumed by non-academic activities such as
herding and transporting students, which left little time
for project-related activities. Even then, students were
restricted to conducting activities at the shore. Moreover,
it seemed impossible to schedule dates whereby more
than a small portion of the class could participate.
Admittedly, field trips to the coast do provide an
interesting exposure to the intertidal biologic component
of oceanography, but it is at the expense of most other
aspects of oceanography.
The field projects that students conduct on local lakes
are day trips involving up to eight students per trip. This
eliminates most of the previously cited logistical
problems and allows me more time to assist students.
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Table 2. List of equipment available for use with
oceanography field projects.
Table 3. Useful software associated with oceanogra-
phy field projects.
Figure 3. Poster preparation evaluation form.
This format also offers more options in scheduling the
time and place of the field trips. Furthermore, I employ a
student field assistant as first mate and van driver.
Equipment Issues - One of the initial equipment
problems that I encountered involved interfacing a
laptop computer with various field instruments. Many
instruments are not simply “plug and play”. Cable
connections to most instruments require RS232 serial
ports, many with non-standard pin configurations. Serial
ports are available on most PC platform laptop
computers, but not on newer Macintosh laptop
computers. Moreover, serial port communication
software is not easy to access in the computer operating
systems. With the Microsoft OS a subroutine called
HyperTerminal that can be configured to permit data
transmission across the serial port. The Macintosh OS
does not include a serial port communication subroutine,
however, ClarisWorks software does include a
communication port subroutine compatible with older
Macintosh Powerbook computers.
Data obtained from a GPS - depth system typically
results in large files. Therefore, substantial editing is
required to remove redundant and erroneous data in
order to create a simple latitude-longitude-depth
formatted data file suitable for map making. Gridding
and map generating software are the most complex
software that we use. This software requires substantial
effort to become competent in all aspects of map making.
Fortunately, both Surfer and MacGridzo software have
“quick map” routines that in many cases result in
acceptable bathymetric maps.
The spatial accuracy of the differentially corrected
GPS data is quite good; typically less that 2 m. However,
sonar-based depth-finding instruments do not
auto-compensate for water temperature or salinity
variations, resulting in systematic errors in depth
measurements. In order to correct sonar readings to true
depth, I require students to create a calibration profile for
our depth finder prior to the start of a bathymetric
survey. Students record several depth measurements
using both the CTD (which measures true depth by a
pressure transducer) and sonar (which measures
apparent depth) over the range of bathymetric relief to be
encountered during their survey. The data are plotted
and a best-fit equation is determined. Students then
proceed with their bathymetric survey storing
uncorrected sonar depth data. The depth correction
equation is applied to the data set during the data editing
phase, prior to generating bathymetric maps.
Student Achievement - I use a variety of assessment
tools to gain insight into how students are performing
(Table 4). The concept inventory test that I give students
is modeled after various science literacy tests proposed
by Augustine (1998), de Laughter, et al. (1998), and
Halloun and Hestenes (1985). A significant goal is to
design questions that expose students’ tendencies
towards logical contradictions, use of irrelevant data,
preconceived notions, and confusion between
observation and interpretation. I also include questions
to assess students’ abilities to make quantitative
estimations and judge data quality.
Some questions are formatted as multiple-choice
(Figure 5A). Other questions are open-ended, requiring a
written explanation (Figure 6A). Still others ask students
to interpret graphs (Figure 7A) or require students to
draw a picture that represents a mental image that they
have of a process such as the hydrologic cycle or a
geographic area such as the sea floor off the Oregon coast
(Figure 8A). All questions require students to record
their level of certainty with respect to the answers that
they provide.
Assessments compiled over three years indicate that
the pre-course concept inventory test highlights a
general tendency among students to be vague or general
in their responses and to mix observations with
interpretations. The results also point out that many
students struggle with spatial perceptions including a
lack of familiarity with regional and world geographic
locations, misunderstanding directional data, and
confusing map views with cross sections. By the end of
the course, students’ abilities to understand concepts,
interpret data and graphs, to distinguish between
observation and interpretation, and as well as their
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Figure 4. Poster evaluation form.
Figure 5. Example concept inventory multiple choice
question (A) and student response profile (B) for 105
students compiled over three years (2000-2002).
spatial perception are greatly improved. In addition, I
see a shift in students’ abilities towards providing clearer
and more complete explanations. For most questions on
the post-course concept inventory test both the correct
answer and the level of certainty associated with
students’ answers show a significant increase over the
pre-course test (Figures 5B, 6B, 7B, 8B).
Peer assessment of the summary posters provides
me with critical feedback regarding students’ abilities to
recognize specific flaws in others’ work, as well as their
ability to cite specific examples of high quality work.
Moreover, students’ abilities to explain their project in
both written and oral form provide me with insight into
the level of understanding they have achieved.
Responses to the project outcome survey, which is
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Figure 6. Example concept inventory open-ended
question (A) and student response profile (B) for 105
students compiled over three years (2000-2002).
Figure 7. Example concept inventory graph
interpretation question (A) and student response
profile (B) for 105 students compiled over three years
(2000-2002).
Figure 8. Example concept inventory pictorial image
question (A) and student response profile (B) for 105
students compiled over three years (2000-2002).
Figure 9. Project outcome survey responses compiled
for 105 students over three years (2000-2002).
completed by students after the poster session, indicate
that the students have gained a better understanding of
oceanographic principles through the process of
scientific inquiry (Figure 9). For a large percentage of the
students the field experience is very positive and
interesting endeavor.
Record Keeping - Keeping track of student self
assessments, peer team assessments, and instructor
assessment forms as well as compiling the results of the
pre-course and post-course concept inventory test is a
huge task. Students fill out paper versions of these
assessment tools and I record the results in a
spreadsheet. The assessments have the advantage that
they are completed on the spot when the experience is
fresh in students’ minds, but requires extensive
time-consuming post-processing by the instructor.
CONCLUSIONS
Field-based projects add a creative component to
introductory college oceanography courses. To be
effective, a boat and an array of field equipment must be
available. For colleges located far from the ocean, a deep
lake can function as a good substitute for the ocean.
Conducting small group field trips close to campus can
minimize logistical difficulties. The small group nature
of the projects ensures that all students take an active
part in each phase of the project and promotes
teamwork, as well as a more complete understanding of
the equipment and concepts associated with their
projects.
The use of a course-specific concept inventory test
raises the instructor’s sense of awareness regarding what
students know and don’t know, as well as how students
think about science. A variety of other assessment tools
provide critical feedback on the learning achieved over
the entire process of conducting a field-based project.
Results from project outcome surveys indicate that
students find field-based projects interesting and
motivating. Students come away with positive attitudes
towards science and technology and with an increased
level of science literacy.
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Table 4. List of assessment tools used to evaluate
student learning in oceanography.
